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Seismic Hazards Studies for Minuteman Missile Wings
Re-evaluation of the Seismic Hazard for Whiteman AFB, Missouri

I. INTRODUC(TION

In Appendix A of the report Seismic Hazard Studies for Minuteman Missile

Wings, a method was proposed for the development of regionally-modified peak

ground acceleration attenuation functions. Since the publication of that report,

several significant improvements were made to the method. Among the important

k-hanges is the use of body-wave magnitude, mb, as the magnitude scale by which

inter-regional comparisons are made, and a change in the basic equations used to

relate epicentral intensity and mb in California. These changes resulted in modi-

fication of the Central United States acceleration attenuation function from that

given in Table 2 or the original report; specifically

In a 4.21 1 1.40 NJ - 1.57 In(R 25) (1)

to

In a s  - 3. 1 6 + 1 . 2 4 mb - 1.24 In(H 25). (2)

(Received for publication 25 March 1981)

1. Hattis. J. C. (1981) Regional modification of acceleration attenuation functions,
Bull. Seismol. Soc. Am. (in press).
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At tile sante tim e, an1 error k,,as founid in 9he k-onversun iio: ofit rtC&irrf nilu1i

or. the smicekui a as stathl inl Table 12 )f tlwhrgr. lt r,!~. At- -o-valualiofl

hntie follow llLMect ion.

T he recul-rence c urve pal-am etc is used iii it is addendum are( given in Table 1.

It thle original report these parameters were given inl ternts of local magnitude,

Al Revision of the method by which the acceleration attenuation function is de-

rived now requires the parameters to be based on body-wave magnitude, mbW The

Central Mississippi Valley and background curves were directly derived for illb.

The recurrence function lbr the Southeastern United States was originally based on

Modified Mlerca lli intensity and converted to illb by use of the relationship

illb -1. 032 0. 559 1 .(3)

The Southeastern United States recurrence curve was derived by Bollinger 3and

the equatio~n for conversion from I ato nib was evaluated by lBrazee.4

Using the samne methods discussed in the original report, the seismic risk for

Whiteman AFB was re-calculated for both site intensity and acceleration. An in-

tensity attenuation function developed by Howell and Schultz 5was modified using
Eq. (3) for use with body wave magnitude data and is given by

1 -2.01 f 2 .7 3 mb - 1. 36 In R (4)

where I sis site intensity, nib is the event magnitude and R is the epicentral. dis-

tance. A standard deviation of 0. 66 was used with this function. To evaluate the

seismic tisk in terms of acceleration, the attenuation function derived by lBattis 1

and g'iven in Eq. (2) was used. A standard deviation of 0.707 for In a swas assumed.

2. llattis. J. C.., and Hill, K. J. (1977) Analysis of Seismicity and Tectonics of
the Central and Western United States, Texas Instruments, Inc_., Interm
Scientific Report A LEX(02)-ISR -77 -01.

3. Bollinger. G. A. (1973) Seismicity of the southeastern United States. Hull.
Seisniol. Soc. Am. ,j: 1785-1808.

4. llrazee, R. (1976) An Analysis of Farthquake Intensities With Respect to
Attenuation. Magnitude, and Rate i F Recurrence. National G eophysical and
Solar -Terrest rial ('enter. NOAA TIechical Mem-F(,iorandumn FI)S NGSDC-2.

5. Howell, B. F. , and Schultz. TV. R. (1975) Attenuation of' Modified Mler( alli
intensity with distance from the epicenter, Bull. Seismol. Soc. Amn.
65:651 -655.
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For the Central Mississippi Valley source region, risk estimates were first

madec assumning the maximum magni tude earthquake could occur i nvvhero withir

the source region and then only in a rest ri cted reginit about the appar-'' api cent "rs

of the 1811- 181*2 earthqldmes. V elocity anddispiacer ctit ?r; k .%ew re g'm-raled

using the "standard"' earthrquake r~atios of 1)..5g:0. 7 6 e se/se,!15. 702 -n-. The r -

visedt risk curves are plotted in FigurL's- 1 Ltr: 2 Ior iOten.Si tv :md (1 pak izi-cund

motions, respectiveic.. For Specified Valut'.-; of r'iSk, the grrnil m:otioni Iri"s Ire

kJviven T:,.dle 2 for, the -1-st , so4, or hig-h eistaimate, !nHT :ihl,'- for th, cn

ce.Design i-esporni:,e spectra based Onl the hligh -risk erasc !0-. 100- linn 1000-ve cr

ret urn pe riod g round motions a re di splayed in Figuires 3,. 1, and 5, respectively.

Using the revised accelecration attenuation function, the m aximum magnitude

earthquake, 8. 0 mb.W recurring at the approximate epicenter of the 1811-1812

earthquakes would produce significantly smaller ground motions for Whiteman AFB3

than previously estimated. The new estimates of the resulting ground motions at
2

Wing IV are 293 cm/sec , 37 cm/sec and 27 cm. The values are based on an

approximate epicentral distance of 355 kmn and the ground motion ratios of the

"standard" earthquake. The horizontal design response spectra for this event at

Whiteman AFB is shown in Figure 6.

3. CONCLUSIONS

Thle modifications to the analysis results in adecrease of approximately one-half

of an intensity unit at each level of risk. Mlore significantly, the expected level of

acceleration at the lower risks (longer teturn period) are, greatly reduced. This

appears to be largely the effect of the re-evaluation of thle regional acceleration

attenuation function. It is still apparent. however, that for long interoccurrence

periods, Whiteman AFB has higher expected ground motions than the other

Minuteman Wings due to the lower regional attenuation and greater potential for

a major earthquake near the facility.

Table 1. Whitemnrr AFB'l Source Region Param eters

Area Log(NIY) A - bmr n

Soul-cc (104 kni) ______b b

A b

Cent rat MIi ssissip)pi1 alley 15. 9 :3. 0 47 0. 8127 8.01

£Sorutheastern United Statos 43. 2 4.099 1. 055 7. 5

I lBackgroundl1_____ 0. 380 0. 7 53 6. 0

pr10 4krn 2



Table 2. Peak Ground Motion Annual Risk Levels for Whiteman AFB
(High Estimate)

Annual Return Period Acceleration Velocity Displacement
Risk (years) Intensity (cm/sec 2 ) (cm/sec) (cm)

0.9 1.11 - 2.0 0.3 0.2

0.5 2 II 4.4 0.6 0.4

0.2 5 III 9.2 1. 1 0.9

0. 1 10 IV 14,6 1.8 1.4

0.05 20 V 22.7 2.8 2. 1

0.02 50 VI 39.7 5.0 3.7

0.01 100 VII 59,9 7.5 5.6

0.005 200 VIII 89, 6 11.2 8.4

0. 002 500 IX 146, 1 18.2 13.7

0.001 1000 Ix - X 208.7 26.0 19.5

Table 3. Peak Ground Motion Annual Risk Levels for Whiteman AFB
(Low Estimates)

Annual Return Periods Acceleration Velocity Displacement
Risk (years) Intensity (cm/sec2 ) (cm/sec) (cm)

0.9 1.11 - 2.1 0.3 0.2

0.5 2 II 4.5 0.6 0.4

0.2 5 III 9.3 1.2 0.9

0.1 10 IV 14. 6 1.8 1. 4

0.05 20 V 22. 1 2.8 2. 1

0.02 50 VI 36.9 4.6 3. 4

0.01 100 VI - VII 52.6 6.6 4.9

0.005 200 VII 73.3 9. 1 6.9

0.002 500 VIII 109.7 13.7 10.3

0. 001 1000 VIII 142.3 17.7 13.3
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Figure 2. Seismic Risk for Whiteman AFB in Terms of Peak
Ground Motions. Maximum magnitude earthquake allowed any-
where in the Central Mississippi Valley source region (solid'
curves) and restricted location (dashed curves)
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